transfer RNA (the anti-codon). The process starts at the end of the messenger which has the free 5'-hydroxyl group and each triplet of bases is read in turn until the end of the message is reached. Peptide bonds are formed between consecutive amino acids starting with the amino acids at the free amino terminal end, so that the amino acid sequence and hence the structure of proteins is controlled by the triplets of bases in the messenger RNA. Folding of the polypeptide chain into the correct tertiary structure appears to take place during chain growth and in some cases the nascent polypeptide may undergo secondary modifications, for example by phosphorylation or hydroxylation of certain amino acid residues. Dr Graham Neale (RoyalPostgraduate Medical School, London) Protein Deficiency in Temperate Zones Protein deficiency syndromes were first recognized in Germany sixty years ago when weanlings with gastroenteritis were fed solely on cereal gruels (Czerny & Keller 1906) . There was little further interest in protein malnutrition in Europe until 1945 when the starved peoples of occupied countries became the subject of many studies. Although desperately thin, the majority of these people were not hypoproteinemic (Beattie et al. 1948) , and in temperate areas hypoproteinimia is usually unrelated to overall body nutrition. In this communication disturbances of protein metabolism will be considered under two headingsthose in which serum proteins are normal and those in which there is hypoproteinaemia (Table 1) . In children long-continued caloric undernutrition has more serious consequences and may cause failure of growth and sexual development ( Fig 2) . A similar state has been produced in experimental animals fed on restricted quantities of a normal diet (McCance 1960).
(2) Hypoproteinamic Syndromes (a) Abnormal protein loss may occur from any body surface such as the skin following extensive burns, the kidney (nephrotic syndrome) and the gut (protein-losing enteropathy). If the loss of albumin exceeds 3-5 g per day the body albumin pool is diminished because the capacity of the liver to increase albumin synthesis is extremely limited. The reduced concentration of serum albumin often causes cedema but this is the only sign of protein deficiency (Fig 3) .
(b) Reduced albumin synthesis by the liver may be due to loss of liver cells as in cirrhosis; disturbed liver function as in chronic infection; the effects of protein-calorie malnutrition. In hepatic disease unrelated to malnutrition the only sign of disturbed protein metabolism is fluid retention.
On the other hand, protein-calorie malnutrition, which is always associated with very severe protein deficiency, causes a reduction in the synthesis of all body proteins and has many characteristic clinical and biochemical signs (Waterlow 1955 ). The African term kwashiorkor is applied to this condition when it affects recently-weaned infants on very low protein diets. It has occasionally been described in adults (Trowell et al. 1954) .
The main features of protein-calorie malnutrition are oedema, disordered growth of skin and hair, and a characteristically miserable mental state (Fig 4) . Patients are apathetic yet irritable when disturbed and electroencephalography shows diffuse slow wave activity. The most obvious biochemical disturbance is hypoproteinemia, due mainly to a reduced serum albumin. The concentration of some of the specific binding proteins (e.g. for iron and tri-iodothyronine) is also markedly reduced. These protein abnormalities are associated with an increase in the ratio of circulating non-essential to essential amino acids (Whitehead 1964 ). The hypoproteinemia is probably caused by reduced hepatic protein synthesis and other tests also show impaired liver function. Bromsulphthalein retention is high, serum cholesterol is very low and L-histidine is not metabolized beyond urocanic acid (Whitehead & Arnstein 1961 , Hoffbrand et al. 1966 ).
Protein-calorie malnutrition due to malabsorption: There are isolated case reports of protein-calorie malnutrition due to malabsorption (Krikler & Schrire 1958 , Silverblatt & Brown 1960 ) and with the more recently described biochemical measurements it is now possible to diagnose mild as well as obvious examples of this condition. Eight cases have been recognized at Hammersmith Hospital in the past four years. They all had severe malabsorption due to the following causes: partial gastrectomy and stagnant loop syndrome, 4 cases; partial gastrectomy and chronic, pancreatic exocrine insufficiency, 2 cases; idiopathic steatorrhoea, 1 case; idiopathic steatorrhoea and Crohn's disease, 1 case. On a standard 70 g fat 70 g protein diet they excreted 30-55 g fat and 3-8 -9 5 g nitrogen (which is equivalent to 25-60 g protein) per day.
The concentration of proteolytic enzymes in the intestine of the 2 patients with chronic pancreatic insufficiency was extremely low and net nitrogen absorption was less than 15 g per day.
The other patients absorbed nitrogen equivalent to 25-40 g protein per day but a large proportion of this nitrogen was probably in the form of bacterial waste products which could not be used for body protein synthesis. Heavy bacterial contamination of the bowel was suggested by the finding of very large amounts of indican in the urine of these patients (Neale & Tabaqchali 1966) .
Thus, in all patients, severe protein deficiency was caused by malabsorption and if this was the prime cause of the syndrome it was thought possible to correct it with intravenous protein feeding. One very ill patient with a partial gastrectomy and the blind loop syndrome was given intravenous albumin alone (25 g daily for six days) which caused a dramatic clinical and biochemical improvement. The patient did not relapse because the absorptive capacity of his intestine also improved as shown by a fall in fmcal fat excretion from 50 to 12 g per day. Proteincalorie malnutrition may therefore cause malabsorption, presumably by a reduction of digestive and absorptive enzymes as shown in children by Thompson & Trowell (1952) .
Although it is a serious condition, proteincalorie malnutrition due to malabsorption can be successfully treated. Five of the 8 patients described above are alive and well. The 2 patients with partial gastrectomy and chronic pancreatic insufficiency responded well when given oral pancreatic enzymes with every meal. The 4 patients with stagnant loops and gastric resections were treated with antibiotics with temporary benefit. Three of them had their blind loops removed surgically and subsequently did well, whilst the fourth died a year later of carcinoma of the lung. The 2 patients with idiopathic steatorrhcea both died, one of perforation of the bowel and the other with a pseudomonas septic;cmia. undernutrition (simple starvation) but if protein deficiency predominates, protein-calorie malnutrition may occur. This can be a self-perpetuating condition because malabsorption is aggravated by a reduced synthesis of pancreatic and intestinal enzymes. The vicious circle can be broken by albumin infusions but it is important to treat the underlying cause to prevent the recurrence of a potentially lethal condition.
A full report of five of the patients with proteincalorie malnutrition associated with partial gastrectomy has been accepted for publication (Neale et al. 1967 ).
Summary
The protein deficiency syndromes are described and it is shown that protein-calorie malnutrition resembling Kwashiorkor may occur in temperate zones in patients with severe malabsorption.
